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Abstract 
*ODXFRPD LV WKH VHFRQG OHDGLQJRFXODUGLVHDVHRI LUUHYHUVLEOHEOLQGQHVV6WUXFWXUDOGDPDJHV LQRSWLFGLVF VXFKDV
GHIRUPLQJ RI QHXURUHWLQDO ULP RSWLF FXS SUHFHGHV WKH IXQFWLRQDO GDPDJHV VR WKHLU HDUO\ DVVHVVPHQW LV FUXFLDO
)XQFWLRQDOGDPDJHV LQYROYHYLVXDO ILHOG LPSDLUPHQW	EOLQGQHVV7RQRPHWHU\DQGYLVXDO ILHOGDVVHVVPHQWDUH WKH
PDQXDO PHWKRG RI DVVHVVLQJ JODXFRPD DQG UHTXLUH FOLQLFDO VHWXS DQG H[SHUW DGYLFH 0DQXDO PHWKRGV DUH QRW
VXIILFLHQW WR DVVHVV JODXFRPD LQ LWV HDUO\ VWDJHV  6WUXFWXUDO DVVHVVPHQW FDQ GHWHFW *ODXFRPD LQ HDUO\ VWDJH DQG
GLPLQLVKHV WKH ULVN RI LUUHYHUVLEOH YLVXDO LPSDLUPHQW2SWLF GLVF SKRWRJUDSK\ LV D4XDOLWDWLYH DQG OHVV H[SHQVLYH
PHWKRG&XS WR'LVF5DWLR&'5 ,QIHULRU6XSHULRU1DVDO7HPSRUDO,617 UXOHDQG3HULSDSLOODU\$WURSK\ 33$
DUHDVVHVVHGIRUGHWHUPLQLQJ*ODXFRPD6WDJH%XWWKHVHIHDWXUHVDUHSURQHWRHUURUVDVGLVFVL]HLVQRWFRQVLGHUHGLQ
&XS WR GLVF UDWLR 'LVF 'DPDJH /LNHOLKRRG 6FDOH ''/6 SUHVHQWV D QRYHO DSSURDFK IRU ULP ZLGWK DVVHVVPHQW
ZKLFKFDQLQFUHDVHWKHUHOLDELOLW\RIDXWRPDWHGJODXFRPDGLDJQRVLVLQFRQMXQFWLRQZLWKRWKHUIHDWXUHV,QFRUSRUDWLRQ
RI'LVF'DPDJHOLNHOLKRRG6FDOH''/6	IHDWXUHVOLNHEORRGSUHVVXUHDJHHWKQLFLW\LQDXWRPDWHGDVVHVVPHQW
WHFKQLTXHVFDQLQFUHDVHWKHUHOLDELOLW\RIDXWRPDWHGJODXFRPDGLDJQRVLV
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RIVFLHQWLILFFRPPLWWHHRI0LVVRXUL8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\
Keywords:2FXODUGLVHDVH3HULSDSLOODU\$WURSK\33$&XSWR'LVFUDWLR&'5'LVFGDPDJHOLNHOLKRRG6FDOH''/62SWLFGLVFSKRWRJUDSK\
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1. INTRODUCTION 
*ODXFRPDGLDJQRVLVLVFUXFLDOIRUSUHYHQWLQJWKHLUUHYHUVLEOHGDPDJHWRH\HYLVLRQ*ODXFRPDLVGHILQHGDVµPXOWL
IDFWRULDO RSWLF QHXURSDWK\¶ ZKLFK LV D SRWHQWLDOO\ EOLQGLQJ GLVHDVH ZKLFK DIIHFWV  PLOOLRQ SHRSOH ZRUOGZLGH
>@7KHPDQXDOJUDGLQJPHWKRGVIRU*ODXFRPDDVVHVVPHQWUHTXLUHVFOLQLFDOVHWXSDQGH[SHUWRSKWKDOPRORJLVWV,W
LQYROYHV WHFKQLTXHVVXFKDV WRQRPWHU\DQGYLVXDO ILHOGDVVHVVPHQW LQ&OLQLFDO6HWXS6WUXFWXUDODVVHVVPHQW LVDOVR
GRQHXVLQJVOLW ODPSELRPLFURVFRS\%XW WKHVHDUH WLPHFRQVXPLQJDQGUHTXLUHFOLQLFDO VHWXS ,PDJHSURFXUHPHQW
DQG WKHLU PDQXDO DVVHVVPHQW LV GRQH XVLQJ4XDOLWDWLYH DQG4XDQWLWDWLYH WHFKQLTXHV LQ LPDJH DQDO\VLV KDYH EHHQ
GHYHORSHG>@4XDOLWDWLYHWHFKQLTXHVVXFKDVRSWLFGLVFSKRWRJUDSK\SURYLGHV&RORUIXQGXVLPDJHRIWKHRSWLFGLVF
ZKLFKSURYLGHVFOHDUDVVHVVPHQWRIRSWLFQHYHKHDG4XDQWLWDWLYHWHFKQLTXHVVXFKDV2SWLFDOFRKHUHQFHWRPRJUDSK\
2&7

     )LJ)XQGXV,PDJH

+HLGHOEHUJUHWLQDOWRPRJUDSK\+57DUHFRVWO\7KHVHSURYLGHWKH'DVVHVVPHQWRIWKHGLVFVWUXFWXUHVSURYLGLQJ
LQ GHSWK LQIRUPDWLRQ RI WKH FXS 6WUXFWXUDO DVVHVVPHQW IURP )XQGXV LPDJHV LQFOXGHV &'5 PHDVXUHPHQW 33$
GHWHFWLRQ DQG ,617 UXOH %XW WKHVH DUH SURQH WR HUURUV DV&'5PHDVXUHPHQW H[FOXGHV GLVF VL]H>@'LVF VL]H LV
FUXFLDO LQPHDVXULQJ FXS WR GLVF UDWLR$V ODUJHV GLVF VL]HVZLWK ODUJH&'5 FDQ DOVR EH QRUPDO ,W FDQZURQJO\
FODVVLI\ ODUJH GLVFV ZLWK ODUJH &XS VL]H DV JODXFRPDWRXV DQG VXVSLFLRXV VPDOO GLVF ZLWK VPDOO FXS VL]H DV QRQ
JODXFRPDWRXV>@$OVR33$GHWHFWLRQLVQRWHDV\GXHWRFDPHUDDUWLIDFWVDQGOLJKWWH[WXUH,617UXOHFRQVLGHUVWKH
WKLFNQHVVRIQHXURUHWLQDOULPSULPDULO\LQWHPSRUDO]RQHRQO\,WKDVQRWEHHQXVHGWRDVVHVVWKHZKROHULPDUHD'LVF
'DPDJHOLNHOLKRRG6FDOH''/6SUHVHQWVDQRYHODSSURDFKWRPHDVXUHULPWRGLVFUDWLREXWLVQRWLPSOHPHQWHGLQ
WKHZRUNGRQHVRIDU&RQVLGHUDWLRQRIGLVFVL]HLVDOVRLPSRUWDQWZKLFKLVSURYLGHGE\''/6$QRPDOLHVVXFKDV
RYHUHVWLPDWHG&XSWRGLVFUDWLRFDQEHUHPRYHGDQGHIILFLHQF\FDQEHLQFUHDVHGWRLQFOXGHVXVSLFLRXVJODXFRPDWRXV
VXEMHFWVDOVR3RVLWLRQRIFHQWUDOUHWLQDOYHVVHOWUXQNH[LWLVDOVRQRWDFFHVVHG5LPGHWHULRUDWLRQRFFXUVGXHWRYLVXDO
ILHOG GDPDJH EXW UHYHUVH LV QRW WUXH 3UHFHGLQJ ULP GDPDJH FDQ LQGLFDWH WKH RQVHW RI JODXFRPD ZLWK UDLVHG
,QWUDRFXODU SUHVVXUH 2WKHU IDFWRUV VXFK DV DJH  K\SHUWHQVLRQ DQG JHQHWLFV  FDQ DOVR EH LQFOXGHG WR LQFUHDVH WKH
HIILFLHQF\DQGUHOLDELOLW\RIWKHV\VWHP

2. LITERATURE  SURVEY  
&KHQJ - HW DO>@ SURSRVHG UHFHQWO\6XSHUSL[HO&ODVVLILFDWLRQ%DVHG2SWLF'LVF DQG2SWLF&XS6HJPHQWDWLRQ IRU
*ODXFRPD6FUHHQLQJ7KLVSDSHUXVHVWKH6LPSOH/LQHDU,WHUDWLYH&OXVWHULQJ$OJRULWKP6/,&WRDJJUHJDWHQHDUE\
SL[HOVLQWRVXSHUSL[HOVLQUHWLQDOIXQGXVLPDJHV,WLVWKHIDVWHVWPHWKRGWRHYDOXDWHRSWLFGLVFDQGFXSDFFXUDWHO\WLOO
GDWH 3UHYLRXVPHWKRGV KDYH EHHQ XVLQJ FLUFXODU WHPSODWHV IRU LQLWLDOL]DWLRQ EXW GLVF LV QRW JHQHUDOO\ FLUFXODU LQ
VKDSH 7KH LQLWLDOL]DWLRQ SUREOHP LV UHVROYHG WKURXJK VXSHU SL[HO FODVVLILFDWLRQ PHWKRGZKLFK SURYLGHV H[FHOOHQW
IHDWXUHVHWRIKLVWRJUDPDQGFHQWHUVXUURXQGGLIIHUHQFHSULRUWRWKHORFDWLRQRIWKHFXS,WMXVWLILHVWKHDSSURDFKDV
RSWLFGLVFVDUHJHQHUDOO\QRWFLUFXODUEXWHOOLSWLFDO LQ VKDSH$OVR WKH IHDWXUHV VXFKDVKLVWRJUDPFHQWHU VXUURXQG
GLIIHUHQFHKHOSV LQ HOLPLQDWLQJSHULSDSLOODU\ DWURSK\ZKLFK LV XVXDOO\ FRQVLGHUHG DV WKHSDUW RI RSWLFGLVFGXH WR
ZURQJHYDOXDWLRQ)LUVWVWHSLQYROYHVVXSHUSL[HOJHQHUDWLRQZKLFKLVWKHQIHGWR/,%960OLQHDUFODVVLILHUZKLFK
GLIIHUHQWLDWHVEHWZHHQJODXFRPDWRXVDQGQRQJODXFRPDWRXV VXEMHFWV ,WXVHVDFWLYH VKDSHPRGHO IRU ILQDOL]LQJ WKH
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GLVFERXQGDU\7KHPHWKRGVXIIHUVIURPRYHUHVWLPDWLRQRIVPDOOFXSVDQGXQGHUHVWLPDWLRQRIYHU\ODUJHFXSV7KH
ELDV UHVXOWV LQ EDG UHVXOW 6RPH DSSURDFKHV KDYH EHHQ SURSRVHG IRU GLVF VHJPHQWDWLRQ ZKLFK FDQ EH JHQHUDOO\
FODVVLILHG DV WHPSODWH EDVHGPHWKRGV  GHIRUPDEOHPRGHO EDVHGPHWKRGV  DQGSL[HO FODVVLILFDWLRQEDVHGPHWKRGV
&LUFXODU+RXJKWUDQVIRUPLVXVHGWRPRGHOWKHGLVFERXQGDU\EHFDXVHRI LWVFRPSXWDWLRQDOHIILFLHQF\%XWWKHVHDOO
PHWKRGVDUHEDVHGRQDVVHVVPHQWRIFXSWRGLVFUDWLR7KHVHPHWKRGVGRQRWWDNHLQWRDFFRXQWWKHYDULDWLRQLQGLVF
VL]HHWKLQLFLW\
-RVKL *' HW DO LQ >@  SURSRVHG 'HSWK'LVFRQWLQXLW\%DVHG &XS 6HJPHQWDWLRQ IURP0XOWLYLHZ &RORU 5HWLQDO
,PDJHV7KHDOJRULWKPIRUPRWLRQ¿HOGHVWLPDWLRQQHHGVWRKDQGOHWKHDUELWUDU\UHODWLYHPRWLRQEHWZHHQWKHFDPHUD
DQGWKHXQGHUO\LQJQRQULJLGUHWLQDOVWUXFWXUHV
6LYDVZDP\-HWDOLQ>@KDVSURSRVHGFXSVHJPHQWDWLRQXVLQJUEHQGVWKHDQDWRP\RIWKH2'UHJLRQLVVXFKWKDW
WKHUEHQGVDUHQRQXQLIRUPO\GLVWULEXWHGDFURVVDFXSERXQGDU\ZLWKPRUHSRLQWVRQWKHWRSDQGERWWRPWKH\DUH
PRVWO\DEVHQWLQWKHQDVDOVLGHDQGYHU\IHZLQQXPEHULQWKHWHPSRUDOVLGH7KLVOHDGVWRFRPSOH[LW\DQGLQDFFXUDF\
LQFXSVHJPHQWDWLRQ
':RQJHWDOLQ>@SURSRVHVDYDULDWLRQDOOHYHOVHWEDVHGGHIRUPDEOHPRGHOLQZKLFKWKHREWDLQHGVHJPHQWDWLRQ
UHVXOWLVVPRRWKHGXVLQJDQHOOLSVHILWWLQJRSHUDWLRQ.DXU-HWDOLQ>@H[SORUHVJHRPHWULFDFWLYHFRQWRXUPRGHO
WRVHJPHQW WKHRSWLFGLVFERXQGDU\DV VHJPHQWDWLRQDOJRULWKPV IDLOHG WRSURYLGHJRRGUHVXOW ,PDJHVHJPHQWDWLRQ
ZDVSHUIRUPHGE\VWDUWLQJZLWKLQLWLDOFXUYHDQGHYROYLQJLWVVKDSHE\PLQLPL]LQJHQHUJ\IXQFWLRQUHSUHVHQWHGE\
OHYHO VHW IXQFWLRQ 7KH LWHUDWLYH FXUYH HYROXWLRQ ZDV VWRSSHG DW WKH LPDJH ERXQGDULHV ZKHUH WKH HQHUJ\ ZDV
PLQLPXP
$ *LDFKHWWL HW DO LQ >@  SURSRVHV IDVW UDGLDO V\PPHWU\ WUDQVIRUP IRU 2SWLF 'LVF ORFDOL]DWLRQ  )56 WUDQVIRUP
FDOFXODWHV WKH UDGLDO V\PPHWU\ RI EULJKW DQG GDUN UHJLRQV WR ORFDOL]H WKH 2' FHQWHU 9DVFXODU LQIRUPDWLRQ DQG
FRQWH[WXDO LQIRUPDWLRQ LV H[DPLQHG WR GHWHFW2' LQ DQRPDORXV LPDJHVZLWK YDU\LQJ FRQWUDVW DQG2' VKDSHV ,W
RYHUFRPHVYDULRXVGHILFLHQFLHVRI WHPSODWHPRGHO$OJRULWKPLVEDVHGRQWKHFRPSXWDWLRQRIOLNHOLKRRGYDOXHVIRU
SL[HOV WR EH 2' RU IRYHD FHQWHUV GHULYHG IURP WKH )56 WUDQVIRUP DQG YHVVHO GHQVLW\ HVWLPDWLRQ $ URXJK
PRUSKRORJ\EDVHGYHVVHOUHPRYDODQGDQDFFXUDWHLQSDLQWLQJSURFHGXUHDUHWKHQSHUIRUPHGWRREWDLQDLPDJHZLWK
YHVVHOVDQGRWKHUVPDOOGDUNVSRWVUHPRYHGWKDWLVXVHGIRUWKHV\PPHWU\GHWHFWLRQ
.LWWLSRO:LVDHQJHWDOLQ>@SURSRVHGDPHWKRGIRURSWLFGLVFGHWHFWLRQEDVHGRQ2WVX¶VPHWKRGDQGPDWKHPDWLFDO
PRUSKRORJ\3UHSURFHVVLQJ LV GRQH WR UHPRYH YDULDWLRQV LQ FRORU DQG FRQWUDVW RI YDULRXV LPDJHVGXH WRGLIIHUHQW
SDWKRORJLHVDQGORZFRQWUDVW$WKUHVKROGLVDSSOLHGWRELQDU\VHJPHQWDWLRQDQGWKHWKUHVKROGLPDJHZDVWKHQXVHG
DVDPDVN7KLVWKUHVKROGLVEDVHGRQ2WVX¶VDOJRULWKP7KHPRUSKRORJLFDOUHFRQVWUXFWLRQ05JHQHUDOO\ZRUNVE\
WZRLPDJHVDQGDVWUXFWXULQJHOHPHQWLQVWHDGRIDVLQJOHLPDJHDQGVWUXFWXULQJHOHPHQW2QHLPDJHWKHPDUNHULV
WKHVWDUWLQSRLQWIRUWKHWUDQVIRUPDWLRQ7KHRWKHULPDJHWKHPDVNFRQVWUDLQVWKHWUDQVIRUPDWLRQ7KHREMHFWLYHRI
WKUHVKROGLQJLVWRFRQYHUWDJUD\VFDOHLPDJHLQWRDELQDU\LPDJHVHSDUDWLQJEULJKWHUUHJLRQVIURPGDUNEDFNJURXQG

/XVKLHWDO LQ >@SURSRVHVFLUFXODU WUDQVIRUPDWLRQ LVGHVLJQHGEDVHGRQ WKHREVHUYDWLRQ WKDW IRUDSRLQWZLWKLQD
URXJKO\FLUFXODUVKDSHGLPDJHUHJLRQWKHYDULDWLRQRIWKHGLVWDQFHVIURPWKHSRLQWWRWKHUHJLRQERXQGDU\UHDFKHV
WKHPLQLPXPZKHQ WKHSRLQW OLHV H[DFWO\ DW WKH UHJLRQ FHQWURLG6SHFLILFDOO\ IRU HDFK UHWLQDO LPDJHSL[HO LW ILUVW
GHWHFWVPXOWLSOHSL[HOVZLWKWKHPD[LPXPYDULDWLRQGHQRWHGE\30VLQWKHHQVXLQJGLVFXVVLRQDORQJDOOUDGLDOOLQH
VHJPHQWV
6.DYLWKDHWDOLQ>@SURSRVHGDPHWKRGRQFRPSRQHQWDQDO\VLVPHWKRGIRUFXSVHJPHQWDWLRQLQLWILUVWWKHRSWLF
GLVF LV QRUPDOL]HG WKURXJK VPRRWKHQLQJRI  YHVVHOV LQ WKHRSWLFGLVF UHJLRQ IRUGLVF ORFDOL]DWLRQDQGGHWHFWLRQ ,W
IROORZVPDQXDOWKUHVKROGDQDO\VLVFRORUFRPSRQHQWDQDO\VLVIRUGLVFDQGIXUWKHU52,EDVHGVHJPHQWDWLRQPXOWLSOH
HYHQO\RULHQWHGUDGLDOOLQH
6.DUWKLNH\DQHWDOLQ>@SUHVHQWVDQRYHODSSURDFKIRUTXDQWLILFDWLRQRIQHXURUHWLQDOULPDUHD6HJPHQWDWLRQRI
RSWLFGLVFDQGRSWLFFXSLVGRQHXVLQJ0RUSKRORJLFDORSHUDWLRQV7KHQFRORUFRPSRQHQWDQDO\VLVLVLPSOHPHQWHGIRU
GLVFVHJPHQWDWLRQ7KHFXSLVVHJPHQWHGE\FRQQHFWHGFRPSRQHQWPHWKRGE\H[WUDFWLQJWKHJUHHQFKDQQHOIURPWKH
RULJLQDOIXQGXVLPDJH7KHFORVHRSHUDWLRQZLOOILOOWKHJDSRIWKHFXSRSHQRSHUDWLRQFOHDUVDQ\EULJKWVSRWV$UHD
LVFDOFXODWHGE\FRXQWLQJQXPEHURIZKLWHSL[HOV7KHREWDLQHGUHVXOWLVFURSSHGVHFWRUZLVHE\GHJUHHWRILQG
WKHDUHDRIQHXURUHWLQDOULP2EWDLQHGUHVXOWVDUHFODVVLILHGDFFRUGLQJWR,QIHULRU6XSHULRU7HPSRUDO5XOH,617
7KHPHWKRGGRHVQRWDFFRXQWIRUWHPSRUDOIODWVORSLQJRIWKHFXSDQGFLUFXODUVWHHSFXSSLQJRIWKHFXS$OVRLWGRHV
QRWDFFRXQWIRUWKHIDUWKHVWGLVWDQFHRIULPDUHDIRUFHQWUDOUHWLQDODUWHU\
%KDUWL\D6 HW DO LQ >@SURYLGHVDFRPSUHKHQVLYHDQDO\VLVRIYDULRXV IDFWRUVDQG WKHLU LPSRUWDQFH LQ*ODXFRPD
DQDO\VLV &XS WR GLVF UDWLR 1HXURUHWLQDO ULP DUHD 'LVF KDHPRUUKDJHV DQG 3HULSDSLOODU\ DWURSK\ DUH DQDO\]HG
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1HXURUHWLQDOULPORVVLVDVVRFLDWHGZLWK*ODXFRPDVHYHULW\DQGORVVDFFRXQWVIRUG%YLVXDOILHOGORVV6LQFH
PRVWRIUHYLHZHGPHWKRGVDUHRULHQWHGWRZDUG&XSWRGLVFUDWLRVRLQFOXVLRQRIULPDUHDDJHDQGRWKHUIDFWRUVZLOO
LQFUHDVHUHOLDELOLW\RIDXWRPDWHGDQDO\VLV/DUJH&XSWR'LVFUDWLRFDQLQGLFDWHQRUPDOLQGLYLGXDOVLQVSHFLILFUDFHV
VXFKDV$IULFDQV$VLDQV5LPDUHDGDPDJHLVSURPLQHQWLQ*ODXFRPD3DWLHQWV$OVRWKHORFDWLRQRIFHQWUDOUHWLQDO
DUWHU\VKRXOGEHLQWHPSRUDOVHFWRU
6SDHWK/*HWDOLQ>@SURYLGHVDQREOHDSSURDFKRIULPDUHDDVVHVVPHQW,WSURYLGHVDVFDOHRIWKLFNQHVVRIULP
5LP WKLFNQHVV LVPHDVXUHG E\PHDVXULQJ ULPZLGWK DV FRPSDUHGZLWK GLVF GLDPHWHU 7KH VFDOH KDV VKRZQ JRRG
UHSURGXFLELOLW\ DV H[SHUW DVVHVVPHQW SURYLGHV WKH VDPH UHVXOW ,W GLPLQLVKHV LQWHUREVHUYHU DQG LQWUD REVHUYHU
YDULDELOLW\,WDOVRSURYLGHVJRRGDVVHVVPHQWRIYLVXDOILHOGORVV,WFDQLQFUHDVHHIILFLHQF\RIDXWRPDWHGJODXFRPD
DQDO\VLVE\FRQVLGHULQJGLVF VL]H  WKXVGLPLQLVKLQJ WKHFKDQFHVRIZURQJFODVVLILFDWLRQRIJODXFRPDWRXVDQGQRQ
JODXFRPDWRXVGLVFV
-RQDV%-HWDOLQ>@SURYLGHVDQDQDO\VLVRIQHXURUHWLQDOULPZLGWKUDWLRLQ*ODXFRPDWRXVDQG1RQJODXFRPDWRXV
H\HV,QIHURWHPSRUDOZLGWKUDWLRDQG6XSHURWHPSRUDO:LGWKUDWLRDUHPHDVXUHG+LJKHUWKHUDWLRVPRUHYHUWLFDOO\
WKHRSWLFGLVFLVFRQILJXUHG7KHORZZLGWKUDWLRVSUHVHQWVLJQLILFDQWULVNRIJODXFRPD$OVRLWGHSLFWVWKHRQVHWRI
YLVXDOILHOGORVV
-RQDV%-HWDOLQ>@WDNHVUHYLHZRIVKDSHVL]HDQGSDOORURIQHXURUHWLQDOULP7KHVWXGLHVVKRZDVLJQLILFDQW
UHODWLRQEHWZHHQSRVLWLRQRIFHQWUDO UHWLQDOYHVVHO WUXQNH[LWDQG WKH IDUWKHVWGLVWDQFHRIQHXURUHWLQDO ULP IURPLW
7KHPRUHWKHGLVWDQFHJUHDWHULVWKHULVNRIJODXFRPD'LVFKHPRUUKDJHVDUHFODVVLILHGLQWRVSOLQWHUIODPHDFFRUGLQJ
WRPRUSKRORJ\
6ULYDVWYD8HWDOLQ>@DQDO\]HGWKHFRUUHODWLRQEHWZHHQGLVFGDPDJHOLNHOLKRRGVFDOHDQGYLVXDOILHOGGDPDJH
&RUUHODWLRQ EHWZHHQ WKH''/6ZLWKPHDQ GHYLDWLRQ DQG SDWWHUQ VWDQGDUG GHYLDWLRQ DQG FRUUHODWLRQ EHWZHHQ&'
UDWLRZLWK0'DQG36'YDOXHVZHUHHYDOXDWHGE\3HDUVRQRQHWDLOHGFRUUHODWLRQWHVW''/6FRUUHODWHGVWURQJO\ZLWK
YLVXDOILHOGGDPDJHWKDQFXSWRGLVFUDWLR
-RQDV % - HW DO LQ >@ DQDO\]HG WKH TXDOLWDWLYH TXDQWLWDWLYH DQG GHVFULSWLYH IDFWRUV IRU JODXFRPD GLDJQRVLV
4XDQWLWDWLYH IDFWRUV VXFK DV FXS WRGLVF UDWLRULPGLVF UDWLR DUH IRXQG WRRYHUODSEHWZHHQJODXFRPDWRXV DQGQRQ
JODXFRPDWRXVLQGLYLGXDOV4XDOLWDWLYHIDFWRUVVXFKDVGLVFKDHPRUUKJHVQHXURUHWLQDOULPORVVLQVSHFLILHGVHFWRUV
KDYHPRUH VSHFLILFLW\ 7KH DVVHVVPHQW RI WKHVH IDFWRUV LQ*ODXFRPD GLDJQRVLV LV QRW GRQH \HW 7KHVH IDFWRUV DUH
IRXQGWRSURGXFHUHSURGXFLELOLW\2SWLFGLVFVL]HLVIRXQGWRGHSHQGRQVHOILGHQWLILHGUDFH7KHFKDUDFWHULVWLFVKDSH
RI WKHULPLVRI VLJQLILFDQW LPSRUWDQFH LQGLDJQRVLVRIHDUO\JODXFRPDWRXVQHUYHGDPDJH0RGHUDWHJODXFRPDWRXV
GDPDJHLVIRXQGWREHDVVRFLDWHGZLWKLQIHUWHPSRUDODQGVXSHUWHPSRUDOULPORVV7KHSDOORULVIRXQGWRLQFUHDVHDV
VXP WRWDO RI RSWLF GLVF DQG FXS DV FXS HQODUJHPHQW LQFUHDVHV GXH WR QHXURUHWLQDO ULP ORVV (DUO\*ODXFRPDWRXV
GDPDJHPD\EHRYHUORRNHGHUURQHRXVO\LQVPDOOGLVFVZLWKVPDOOFXSWRGLVFUDWLRLIFXSDEVHQFHLVQRWDFFRXQWHG
IRU7KHILQGLQJVSUHVHQWDQHHGRIFRQVLGHUDWLRQRITXDOLWDWLYHIDFWRUVDVZHOODVTXDQWLWDWLYHIDFWRUV LQJODXFRPD
GLDJQRVLV
The Literature Survey presents comprehensive view of lack of reliability of CDR factor for Glaucoma Assessment. 
The timely assessment of neuroretinal rim provides reliable information about stages of Glaucoma Onset and its 
severity level can be determined. It can be incorporated by automating the evaluation of DDLS Assessment, through 
linear curve fitting using minimum rim points . The system is made to assess automatically the Gaucoma Stages in 
conjunction with neural networks by performing training and testing on the values calculated from  image 
processing methods. The accuracy is achieved using neural networks in automatically identifying the Glaucoma 
Stage.

3. METHODOLOGY
2SWLFGLVFDQG&XSVHJPHQWDWLRQLVDFUXFLDOWDVNLQJODXFRPDGLDJQRVLV7KHSURFHVVLQYROYHVORFDOL]DWLRQRI2SWLF
GLVFIROORZHGE\LQLWLDOL]DWLRQ6HJPHQWDWLRQLVGRQHXVLQJGHIRUPDEOHPRGHO/RFDOL]DWLRQLVGRQHXVLQJ5HG&RORU
3ODQH 7KH SUHVHQFH RI EORRG YHVVHOV FDXVHV HUURU LQ 2SWLF GLVF ERXQGDU\ GHWHFWLRQ 3UHSURFHVVLQJ WKH LPDJH LV
FUXFLDO IRUSURSHU LQLWLDOL]DWLRQ2SWLPDO LPDJH LV VHOHFWHGXVLQJPHDQ WKUHVKROG UDWLR ,QLWLDOL]DWLRQ LVGRQHXVLQJ
FLUFXODU+RXJKWUDQVIRUP/RFDOL]HG&KDQYHVHPRGHOLVXVHGIRU6HJPHQWDWLRQ0XOWLGLPHQVLRQDO)HDWXUH&KDUWV
DUH LQFRUSRUDWHG IRU WH[WXUH DQDO\VLV 7H[WXUH DQDO\VLV LV GRQH XVLQJ *DXVVLDQ ILOWHUV DQG *DERU )LOWHUV &XS
ORFDOL]DWLRQLVGRQHXVLQJUYHQGVLQWKHIXQGXVLPDJH)RU&RPSXWDWLRQRI'LVFGDPDJHOLNHOLKRRGVFDOHILUVWRIDOO
ULPDUHDZLWKPLQLPXPZLGWKRI ULPLVGHWHUPLQHG(XFOLGHDQGLVWDQFHV DUH WKHQXVHG WRGHWHUPLQH WKHPLQLPXP
ZLGWK RI ULP DUHD 7KH GHWHUPLQHG ULP DUHD UDWLR LV FODVVLILHG DFFRUGLQJ WR 'LVF GDPDJH OLNHOLKRRG VFDOH FKDUW
SURYLGHGE\6SDHWK/* LQ >@0DFKLQH/HDUQLQJ$OJRULWKPVDUHXVHG WRDFFHVV WKHJODXFRPDVWDJHXVLQJ ULP
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DUHDUDWLR
3.1 Optic Disc Segmentation  
'LVF6HJPHQWDWLRQLVDFUXFLDOVWHSDQGILUVWLQGHWHUPLQLQJFXSWRGLVFUDWLR,WUHTXLUHVDGHTXDWHSUHSURFHVVLQJDV
UHWLQDOVXUIDFHLVRFFOXGHGZLWKEORRGYHVVHOV7KHYHVVHOVHJPHQWVDURXQGWKHGLVFDUHDDUHYHU\GHQVH7KHFOXVWHU
RIYHVVHOVRFFOXGHVWKHGLVFERXQGDU\7KHYHVVHOUHPRYDOLVWKHILUVWVWHSLQWKHSURFHVVWRDFTXLUHVPRRWKVXUIDFHRI
WKH GLVN7KH LPDJH LV SUHSURFHVVHG IRU  YHVVHO UHPRYDO E\ ILQGLQJ WKHPD[LPXPEULJKW DUHD LQ WKH GLVF LQ EOXH
FKDQQHO RI WKH LPDJH  7KH LPDJH LV WKHQ FRQYHUWHG LQWR ORJLFDO LPDJH  7KH VXELPDJH FRPSULVLQJ D QQ UHJLRQ
DURXQGWKHEULJKWDUHDLVVXEWUDFWHG$PLQILOWHULVDSSOLHGLQWKHJUHHQFKDQQHOXVLQJQQPDVNWRGHWHFWWKHUHWLQDO
YHVVHOV $IWHU GHWHFWLQJ WKH YHVVHOV WKH LPDJH LV SUHSURFHVVHG ZLWK FKXQNV RI  PDVN IURP HDFK RI WKH WKUHH
FKDQQHOLPDJHV
  
$VWKHILOWHUKDVWRPRYHWKURXJKWKHZKROHRIWKHLPDJHVRWKHFRGHKDVWREHYHFWRU]HGWRPDNHLWIDVWDQG
HIILFLHQW$IWHUH[WUDFWLQJWKHFKXQNVRIWKHVHDUHWUDQVIRUPHGLQWRYHFWRUIRUPXVLQJUHVKDSHFRPPDQG7KHQ
WKHPD[ILOWHULVDSSOLHGE\VRUWLQJWKHYHFWRUV$IWHUWKHPD[ILOWHULVDSSOLHGPHGLDQILOWHULVDSSOLHGWRVPRRWKHQ
WKHYHVVHOVLQWKHGLVFDUHDWRDFTXLUHWKHHIILFLHQWGLVFERXQGDU\



  
)LJ)XQGXV,PDJH      )LJ&URSSHG0D[,QWHQVLW\UHJLRQ


 
     
 
)LJ9HVVHO0DVN   )LJ9HVVHOUHPRYDODIWHUPLQILOWHU
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
,WUHSUHVHQWVWKHVWDJHXSWRZKLFKZRUNKDVEHHQGRQH)XUWKXUWKHGLVFLVORFDOL]HGXVLQJFLUFOHKRXJKWUDQVIRUPLQ
UHGFKDQQHORIWKHLPDJHWRDFTXLUHWKHLQLWLDOL]DWLRQSRLQWVIRUWKH$FWLYHVQDNHPRGHOWRDFTXLUHWKHGLVFERXQGDU\
7KHDOJRULWKPSUHSURFHVVHVWKHYHVVHOVRQO\LQWKHGLVFYLFLQLW\7KHGLUHFWOHDVWVTXDUHILWWLQJDOJRULWKPLVXVHGWR
ILQGWKHGLVNERXQGDU\

3.2 Optic Cup Segmentation 
&XSVHJPHQWDWLRQLVDFUXFLDOSURFHVVLQGHWHUPLQLQJFXSWRGLVFUDWLR&XSERXQGDU\
LVH[WUDFWHGXVLQJUEHQGVRYHUWKHFXSHGJH
&XSLVPRUHYLVLEOHLQJUHHQFKDQQHO1H[WYHVVHOEHQGVFKDUDFWHUL]HGE\SRLQWVRIGLUHFWLRQFKDQJHLQWKHYHVVHO
SL[HOV DUH GHWHFWHG DQGXVHG WR REWDLQ WKH FXSERXQGDU\ 3UHOLPLQDU\ FXSERXQGDU\ LV REWDLQHGE\JUHHQ FKDQQHO
WKUHVKROGLQJ )XUWKHUPRUH WKH VWDWLVWLFDO UXOH IRU VHOHFWLQJ YHVVHO SL[HOV LV YHU\ VHQVLWLYH WR WKH LQWHULPDJH
YDULDWLRQV,QRUGHUWRUHPRYHEORRGYHVVHOVYHVVHOVDUHWUDFNHGXVLQJ'YHVVHO WUDFNLQJPHQWLRQHGLQ>@7KH
YHVVHOVDUHUHPRYHGDQGILOWHUHGXVLQJIROORZLQJ
 )RU HDFK YHVVHO SL[HO L M LQ WKH YHVVHOPDS ,Y GHILQH D QHLJKERXUKRRG FHQWHUHG DW L M WKDW LV ,PZLWK
PPZKHUHPLVQXPEHURIURZVDQGFROXPQV
 )RU HDFK5*% LPDJH UHSODFH HDFK YHVVHO SL[HO L MZLWKPHGLDQ RI LQWHQVLW\ YDOXHV RI SL[HOV LQ LWV
QHLJKERXUKRRGWKDWDUHQRWYHVVHOSL[HOV
 6PRRWK WKH FKDQQHO LPDJH SURGXFHG LQ VWHS  ZLWK PHGLDQ ILOWHU , RXW PHG ,LQ >1 1@ ZKHUH 1 LV
QHLJKERXUKRRGGLPHQVLRQ
2SWLFFXSERXQGDU\LVGHWHFWHGXVLQJDFWLYHVKDSHPRGHOLQWKHJUHHQFKDQQHORIYHVVHO
UHPRYHGLPDJH0RGHOLVLQLWLDOL]HGE\WUDQVODWLQJPHDQFXSPRGHOWRWKH2'FHQWHU 
7UDQVODWLRQLVYDOLGDVLWLVIRXQGWKDWFXSFHQWHULVXVXDOO\DOLJQHGZLWKWKHGLVFFHQWHU
3.3 CDR calculation 
&'5FDOFXODWLRQLVGRQHE\ILQGLQJWKHPD[LPXPDQGPLQLPXPSRLQWVRQFXSDQGGLVFFLUFOHVUHVSHFWLYHO\7KHVH
PD[LPXP DQG PLQLPXP SRLQWV SURYLGH XV ZLWK WKH YHUWLFDO FXS GLDPHWHU DQG YHUWLFDO GLVF GLDPHWHU &'5 LV
FDOFXODWHGDV
  &'5 9&'9''
&'5! LQGLFDWHV RQVHW RI *ODXFRPD 'LVF VL]H DOVR PDWWHUV  VR &'5 FDQ QRUPDOO\ EH JUHDWHU WKDQ  LQ
LQGLYLGXDOV ZLWK ODUJH GLVN VL]HV $VLDQ 3RSXODWLRQ JHQHUDOO\ KDYH ODUJH GLVN VL]H 6R WR LQFUHDVH FRQIRUPLW\
FDOFXODWLRQRI'LVF'DPDJH/LNHOLKRRG6FDOH''/6DQG3RVLWLRQRIYHVVHOWUXQNH[LWLVFUXFLDO
 
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 3.4  Disc Damage Likelihood Scale (DDLS) Evaluation. 
'LVF 'DPDJH /LNHOLKRRG 6FDOH LV QRW DIIHFWHG E\ FKDQJHV LQ WKH GLVF VL]H ,W HYDOXDWHV WKH GHWHULRUDWLRQ RI
QHXURUHWLQDO ULPZKLFK LV D FUXFLDO IDFWRU LQ*ODXFRPD HYDOXDWLRQ ,WZDV SURSRVHGE\ 6SDHWK/* LQ >@ )RU
''/6 HYDOXDWLRQ  ILUVW GLVF DUHD LV FDOFXODWHG  7KDQZLGWK RI QHXURUHWLQDO ULP LVPHDVXUHG VHFWRUZLVH%LQDU\
UHSUHVHQWDWLRQRIQHXURUHWLQDOULPLVREWDLQHGLQGHJUHHVHFWRUV0LQLPXP:LGWKRIULPDUHDLVFDOFXODWHG7KLV
FDOFXODWLRQLVGRQHLQVXEVDPSOHGLPDJHRIQQFRQILJXUDWLRQDURXQGRSWLFGLVF(XFOLGHDQGLVWDQFHDUHFDOFXODWHG
EHWZHHQ WKH LPDJHHGJHSRLQWDQGFXSHGJHSRLQW7KDQ LW LVFDOFXODWHGEHWZHHQGLVFHGJHSRLQWDQG LPDJHHGJH
SRLQW7KHGLVFOHQJWKLVVXEWUDFWHGIURPFXSOHQJWKWRDFTXLUHWKHPLQLPXPZLGWKLQWKHDUHD7KHVHYDOXHVDUHIHG
WR5XOHEDVHG0DFKLQH OHDUQLQJ$OJRULWKPZKLFK LVEXLOW DFFRUGLQJ WR''/6FKDUW>@ WRHYDOXDWH WKH*ODXFRPD
6WDJH7KHSURSRVHGDOJRULWKPFRPSULVHVRIIROORZLQJVWHSV
Image 
Optic disc 
L li ti
Initialization 
Generation of 
Optic disc 
Optic cup 
CDR calculation 
d DDLS V l
     )LJ
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 'LYLGHWKHFURSSHGQQDUHDDURXQGGLVNLQWRIRXUVHFWRUVRIGHJUHH
 $FFHVVVHFWRUZLVHPLQLPXPZLGWKRIWKHSL[HOVEHWZHHQFXSERXQGDU\DQGGLVFERXQGDU\
 Find the minimum of the widths in all sectors through Linear curve fitting using minimum rim points.
 &DOFXODWH5LPGLVF UDWLR IRU WKHPLQLPXPZLGWKRI SL[HOV LQ WKH UHVSHFWLYH VHFWRU DQG FRPSDUHZLWK WKH
'LVF'DPDJH/LNHOLKRRG6FDOH&KDUW
 $FFHVV WKH JODXFRPD VWDJH DFFRUGLQJ WR WKH'LVF'DPDJH OLNHOLKRRG 6FDOH&KDUW DQG SURGXFH WKH ILQDO
UHVXOW
$OVR WKH YLVXDO ILHOG LQ WKDW VHFWRU ZLOO EH GLPLQLVKHG The DDLS evaluation is done using neural networks by 
providing values for the seven stages of Rim Damage.

4. CONCLUSION 
$OOWKHVHPHWKRGVUHO\RQFXSWRGLVFUDWLRDVPDUNHURIRQVHWRIJODXFRPD7KHVHGRQRWFRQVLGHURWKHUIDFWRUVVXFK
DV H[WHQW RI QHXURUHWLQDO ULP GDPDJH DJH HWKQLFLW\ ZKLFK FDQ EH FRQVLGHUHG WR LQFUHDVH WKH HIILFLHQF\ RI WKH
DXWRPDWHGJODXFRPDGLDJQRVLVXVLQJPDFKLQHOHDUQLQJ7KHVHIDFWRUVZKHQLQFOXGHGFDQLQFUHDVHWKHVXSHULRULW\RI
WKHJODXFRPDDVVHVVPHQW7KHLUFUHGLELOLW\LVDSSURYHGZLGHWKURXJKRXWWKHOLWHUDWXUHDQGPHWKRGVSURSRVLQJWKHLU
LQFOXVLRQLQDXWRPDWHGJODXFRPDDQDO\VLVDUHQRWZLGHO\VFHQHGXHWRFRPSOH[LW\7KH''/6VFDOHRQRWKHUKDQG
SURYLGHVDUHOLDEOHDQGGLVFVL]HLQGHSHQGHQWPHWKRGIRU*ODXFRPDDVVHVVPHQW
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